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DESCRIPTION 

CLEANING AGENT FOR HALOGEN-CONTAINING EXHAUST GAS 

AND CLEANING PROCESS THEREFOR 

. 
Technical Field 

The present invention relates to cleaning agents for treating exhaust 

gases containing harmful halogen-based gases and processes for cleaning the 

exhaust gases, and more particularly, to cleaning agents for treating halogen-

10 containing exhaust gases discharged from dry etching process Qf 

semiconductor fabrication for selectively removing thin film on wafer in 

predetermined patterns, and cleaning processes for the exhaust gases. In 

particular, the present invention relates to dry cleaning agents and dry 

cleaning processes. 

15 

Background Al.'t 

Known cleaning processes for halogen-containing exhaust gases have 

been generally classified into wet and dry processes. The typical wet process 

using an aqueous alkali solution as an absorbing solution is an excellent 

20 method due to its large treating capacity and wide applicability. However, 

the wet cleaning process has drawbacks such as low cleaning efficiency, 

incomplete cleaning of halogen-containing exhaust gases, need for time­

consuming maintenance of cleaning apparatus, danger of contamination of 

products by back streaming water from absorbing solution into semiconductor 

25 fabrication apparatus, etc. For these reasons, the wet processes are not used 

for cleaning exhaust gases from dry etching process. Therefore, the cleaning 

of exhaust gases from dry etching process have been preformed by a dry 

cleaning process utilizing physical adsorption· or a dry cleaning process in 

which halogen-based gases are fixed by chemical reactions. 

30 In semiconductor fabrication industries, dry etching techniques have 
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been used for selectively i·emoving parts of silicon dioxide thin films, 

polysilicon thin films, tungsten thin films or aluminum thin films in 

predetermined patterns. The etching gases for <h.·y etching are appropriately 

selected depending on natures of thin films to be etched, and are required to 

5 have a high reactivity with thin films and produce reaction products readily 

volatilizable from thin films. To meet these requirements, halogen-based 

gases have been widely used as the etching gases, so that exhaust gases from 

dry etching process inevitably contain various kinds of halogen-based gases 

according to kinds of halogen-based etching gases used, kinds of thin films to · 

10 be etched and etching conditions. Therefore, the treatment of exhaust gases 

requires dry cleaning agents and dry cleaning techniques according to kinds · 

and properties of individual halogen-based gases contained in exhaust gases. 

The halogen-based gases contained in exhaust gases from dry etching process 

ai·e generally classified into fluorine-based gases and chlorine-based gases. 

15 The fluorine-based gases include fluorine gas, and the chlorine-based gases 

include chlorine gas. Differences in chemical properties and reactivity 

between fluorine gas and chlorine gas are important in designing dry cleaning 

agents and dry cleaning processes. 

In dry etching processes, in general, a halogen-base_d gas is fed into a 

20 chamber during etching, and an inert gas is fed after the etching. As a result, 

an exhaust gas containing the halogen-based gas and an inert gas containing a 

little or no halogen-based gas enter repeatedly into an exhaust gas cleaning 

apparatus. 

Hitherto, in dry cleaning of fluorine-containing exhaust gases, a 

25 cleaning agent utilizing physical adsorptivity of activated carbons has been 

used. Such a cleaning agent can be produced at a low cost, and can remove a 

relatively large amount of fluorine gas and fluorine compound gases with a 

small amount of use. However, fluorine gas contained in exhaust gases, in 

some cases, explosively reacts with activated carbon. In fact, there have been 

30 reported many explosion accidents due to explosive reaction. 
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To avoid the above problems, a cleaning agent which is composed 

mainly of a metal hydroxide to utilize !ts chemical reactivity with fluorine has 

been employed for dry-cleaning fluorine-containing exhaust gases. For 

example, Japanese Patent Application Laid-Open No. 9-99216 teaches a 

5 cleaning agent for acidic gases, which is composed mainly of strontium 

hydroxide. T;he stro~tium hydroxide-based cleaning agent for acidic gases 

can be produced at low cost and can remove a relatively large amount of 

fluorine gas and various fluorine compound gases with a small amount of use. 

In addition, unlike activated carbon, the cleaning agent can be safely used 

10 without any 1i.sk of explosive reaction. 

Contrary to the dry cleaning of fluorine-containing exhaust gases, in the 

dry cleaning of chlorine-containing exhaust gases, a cleaning agent utilizing 

physical adsorptivity of activated carbon is usable without any risk of 

explosive reaction, thereby enabling production of the cleaning agent at low 

15 cost. 

In general, activated carbon, when used as a cleaning agent for halogen­

containing exhaust gases, shows a relatively large cleaning capability in 

treatment of contin·uously flowing exfo~ust gases. However, the cleaning 

capability of activated carbon is disadvantageously decreased in treating 

20 alternative flow of an exhaust gas containing halogen-based gas and a gas 

(purge gas) containing no halogen-based gas as experienced in the treatment 

of exhaust gases from etching process of semiconductor production. This is 

because the halogen-based gas physically adsorbed on the activated carbon is 

gradually desorbed by long-term flowing of a gas containing no halogen-based 

25 gas. To eliminate this problem, various studies have been made to enhance 

the cleaning capability _of activated carbon by adherently adding va1ious 

chemical agents to activated carbon and fixing adsorbed halogen-based gas to 

activated carbon by chemical reaction between the chemical agents and the 

adsorbed halogen-based gas, thereby preventing the desorption of adsorbed 

30 halogen-based gas. For example, Japanese Patent Application Laid-Open No. 
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58-122025 proposes a method to adherently add alkali metal halides to 

activated carbon> and Japanese Patent Application Laid-Open No. 4-210236 

proposes a method to adherently add alkali metal aluminate or 

tetraalkylammonium aluminate to activated carbon. However, any of these 

5 methods fail to exhibit satisfactory effects. 

Also, vru.ious cleaning agents using no activated carbon and capable of 

fixing halogen-based gas by chemical reaction have been developed. For 

example, Japanese Patent Application Laid-Open No. 9-234337 proposes a 

cleaning agent prepared by adherently adding sodium formate to a metal oxide 

10 composed mainly of copper oxide and manganese oxide. The proposed 

cleaning agent is very excellent since it can completely fix halogen-based gases, 

but requires high production cost and is relatively low in cleaning capability as 

compared to activated carbon-based cleaning agents. 

Further, a cleaning agent composed mainly of strontium hydroxide and 

15 ti.i-iron tetroxide (Japanese Patent Application Laid-Open No. 7-308538) 

shows high cleaning capability in treating exhaust gases containing halogen­

based gas in high content. However, when the content ofhalogen-based gas 

is low, the cleaning capability is inferior to that of the cleaning agent prepared 

by adherently adding sodium formate to·a metal oxide composed mainly of 

20 copper oxide and manganese oxide (Japanese Patent Application Laid-Open 

No. 9-234337). In addition, the cleaning agent loses water by evaporation 

during the use, resulting in decrease of the cleaning capability due to drying. 

Disclosure of the Invention 

25 Accordingly, it is an object of the present invention to develop a cleaning 

agents for dry-cleaning halogen-containing exhaust gases, which is produced 

at low cost, which has a high cleaning capability and which is safely used even 

in the cleaning of fluorine-containing exhaust gases. It is another object of 

the present invention to p1·ovide a cleaning agent which is free from desorption 

30 of adsorbed halogen-based gases even when the cleaning agent is _exposed to 
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the flow of a halogen-free gas for a long period of time after the cleaning 

treatment, and a cleaning method using the cleaning agent. 

As a result of extensive researches for solving the above problems, the 

present inventors have found that halogen-based gases are efficiently removed 

5 from halogen-containing exhaust gases by contacting the halogen-containing 

exhaust gas with a cleaning agent prepared by adherently adding alkali metal 

formate and/or alkaline earth metal formate to activated carbon, or a cleaning 

agent prepared by adhe1·ently adding alkali metal hydroxide and/or alkaline 

earth metal hydroxide in addition to alkali metal formate and/01· alkaline 

10 eai·th metal fo1'mate to activated carbon. It has been also found that even 

when exhaust gases to be treated contain fluo1ine gas or chlorine trifluoride, 

the cleaning treatment is safely performed by disposing a cleaning agent 

composed of metal oxide or metal hydroxide on the upstream of the cleaning 

agent. It has been further found that halogen-bas~d gases desorbed from 

15 activated carbon are securely captured by disposing a cleaning agent prepared 

by adherently adding sodium formate to a metal oxide composed mainly of 

coppe1· oxide and mangan_ese oxide on the downstream of the cleaning agent. 

The present invention has been accomplished based on these findings. 

Thus, in a first aspect of the present invention, there is provided a 

20 cleaning agent for halogen-containing exhaust gases, which comprises 

activated carbon adherently added with alkali metal formate and/01· alkaline 

earth metal formate, an adhered amount of the alkali metal formate and/or 

alkaline earth metal formate being 3 to 18% by weight (dry basis) based on the 

weight of the cleaning agent. 

25 In a second aspect of the present invention, there is provided a cleaning 

agent for halogen-containing exhaust gases, which comp1'ises activated carbon 

adherently added with alkali metal hydroxide and/or alkaline earth metal 

hydroxide in addition to alkali metal formate and/or alkaline earth metal 

formate, a total adhered amount of the alkali metal formate and/or alkaline 

30 earth metal formate and the alkali metal hydroxide and/or alkaline earth 
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metal hydroxide being 3 to 18% by weight (dry basis) based on the weight of 

the cleaning agent. 

In a third aspect of the present invention, there is provided a process for 

cleaning halogen-containing exhaust gases, which comprises contacting an 

5 exhaust gas containing halogen-based gas as noxious component with a 

cleaning agent comprising activated carbon adherently added with alkali 

metal fo1·mate and/o1· alkaline earth metal formate. 

In a fourth aspect of the present invention, the1·e is provided a process 

for cleaning halogen-containing exhaust gases, which comprises contacting an 

10 exhaust gas containing halogen-based gas as noxious component with a 

cleaning agent comprising activated carbon adherently added with alkali 

metal hydroxide and/or alkaline earth metal hydroxide in addition to alkali 

metal formate and/or alkaline earth metal formate. 

15 Best Mode for Carrying out the Invention 

The cleaning agent and the cleaning process of the present invention is 

mainly applied to the treatment of halogen-containing exhaust gases from 

etching process of semiconductor production. The cleaning agent according to 

the present invention is produced by adherently adding alkali metal fo1mate 

20 and/or alkaline earth metal formate, and optionally alkali metal hydroxide 

and/or alkaline earth metal hydroxide to activated carbon. 

The activated carbon usable in the present invention is not paJ.•ticularly 

restricted as long as it has high adsorptivity and particle sizes suitable for use 

as cleaning agents. The activated carbon usually has a specific surface area 

25 of 700 to 2,500 m2/g, preferably 1,000 to 2,500 m2/g, and a particle size of 

passing through 32 to 4 mesh sieves. Examples of suitable activated carbons 

include coal activated carbon, charcoal activated carbon, coconut shell 

activated carbon, etc. Preferred is coconut shell activated carbon. 

Examples of preferred alkali metal formates include so·clium formate 

30 and potassium formate. Examples of preferred alkaline earth metal formates 
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include calcium formate, magnesium formate, baiium formate and strontium 

formate. These formates may be used alone or in combination of two or more. 

Sodium formate and potassium formate. are especially preferred due to their 

low cost and easy availability. 

5 The alkali metal formate and/or alkaline earth metal formate may be 

adhered to the activated carbon by any methods as long as the formates are 

uniformly adhered on the activated carbon. For example, there may be used 

a method of impregnating activated carbon with an aqueous solution of the 

alkali metal fo1mate and/or alkaline earth metal formate and then drying the 

10 impregnated activated carbon, or a method of sprinkling the aqueous solution 

over activated carbon while stirring and then drying the sprinkled activated 

carbon. 

The adhered amount of the alkali metal formate and/or alkaline earth 

metal formate on the activated carbon is 3 to 18%, preferably 5 to 15% by 

15 weight based on the weight of dry cleaning agent. 

The cleaning agent of the present invention obtained by adherently 

adding the alkali metal formate and/or alkaline earth metal formate to the 

activated carbon is considerably reduced in the deso1'Ption amount of halogen­

based gas when exposed to the flow of a halogen-free gas after the cleaning 

20 treatment of halogen-containing exhaust gases. When the conventional 

activated carbons or the conventional cleaning agents prepared by adherently 

. adding various chemical agents to activated carbon are used in the cleaning 

treatment of halogen-containing exhaust gases, adsorbed halogen-based gas is 

easily desorbed upon exposure to the flow of a halogen-free gas after the 

25 cleaning treatment. On the contrary, the cleaning agent according to the 

present invention is reduced in the desorption amount of halogen-based gas 

even when exposed to the flow of a halogen-free gas, and therefore, 

considerably improved in cleaning capability as compared to the ·conventional 

activated carbons and cleaning agents adhered with chemical agents. 

30 In the cleaning agent of the present invention, the activated carbon may 
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be further adhered with alkali metal hydroxide and/or alkaline earth metal 

hydroxide in addition to the alkali metal formate and/or alkaline ea1·th metal 

formate. With such an additional adherent component> the cleaning agent is 

further reduced in the desorption amount of halogen-based gas> thereby 

5 further increasing cleaning capability as compared to cleaning agents 

adherently added with only fo1mates. 

Examples of the alkali metal hydroxides and alkaline earth metal 

hydroxides include sodium hydroxide, potassium hydroxide> lithium hydroxide, 

calcium hydroxide, barium hydroxide, strontium hydroxide and magnesium 

10 hydroxide. These hydroxides may be used alone or in combination of two or 

more. Of these hydroxides, sodium hydroxide and potassium hydroxide are 

especially preferred in view of their low cost and easy availability. 

When both the formate (alkali metal formate and/or alkaline earth 

metal formate) and the hydroxide (alkali metal hydroxide and/or alkaline 

15 earth metal hydroxide) are adherently added to activated carbon, the 

quantitative proportion of these compounds is not particularly restricted, and 

the equivalent ratio of the formate to the hydroxide is usually 1: 0.1- 3.0, 

preferably 1 : 0.5 - 2.0, more preferably 1 : 0. 75 - 1.5. The cleaning agents 

comprising activated carbon adherently added with both the formate and the 

2.0. hydroxide may be produced by a method of impregnating activated carbon 

with an aqueous solution containing the formate and the hydroxide in the 

above equivalent ratio range and then drying the impregnated activated 

carbon, 01· a method of sprinkling the aqueous solu¥on to activated carbon 

under stirring and then drying the sprinkled activated carbon. Alternatively, 

25 the cleaning agent may be produced by first adherently adding one of the 

fo1mate and the hydroxide to the activated carbon and then adherently adding 

the other. 

The total adhered amount of the alkali metal formate and/or allcaline 

earth metal formate and the alkali metal hydroxide and/or alkaline eal'th 

30 metal hydroxide is 3 to 18% by weight, prefe1·ably 5 to 15% by weight based on 
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diied cleaning agent. 

In the present invention, the halogen-containing exhaust gases are 

usually cleaned by passing the halogen-containing exhaust gases through a 

cylindrical cleaning column packed with a cleaning agent. The cleaning 

5 treatment is usually carried out at 01·ilinary temperatu1·es without necessity of 

additional heating or cooling. The concentration of the halogen-base~ gas in 

the exhaust gases to be treated is usually 5% by volume or lower. Although 

the contact time between the cleaning agent and the exhaust gas is not 

specifically restricted because it varies depending upon the concentration of 

10 the halogen-based gas, the contact time is usually 5 cm/sec or less in terms of 

superficial linear velocity (L V). The cleaning pressure is not particularly 

restricted, but the cleaning treatment is usually carried out under 

atmospheric pressure. 

. After treating the exhaust gas with the cleaning agent of the present 

15 invention; the exhaust gas may be further contacted with a post-treatment 

cleaning agent capable of fixing the halogen-based gas by chemical reaction. 

With this post-treatment, the treated gases can be always completely 

prevented from being contaminated with desorbed halogen-based gas. 

As the post-treatment cleaning agent, a cleaning agent, for example, 

20 prepared by adherently adding sodium formate to a metal oxide as desc1i.bed 

in Japanese Patent Application Laid-Open No. g-234337 is preferably used. 

The metal oxide is composed mainly of copper oxide and manganese oxide, and 

may be a mixture further containing another metal oxide such as silver oxide, 

aluminum oxide, silicon oxide, potassium oxide and sodium oxide. The total 

25 amount of copper oxide (II) and manganese oxide (IV) in the mixture is usually 

60% by weight or more, and the weight ratio of manganese oxide (IV) to copper 

oxide (II) is usually 1: 0.2 - 5.0. Such a mixture is commercially available as 

"hopcalite". The adhered amount of sodium formate is usually 1 to 60 parts 

by weight based on 100 parts by weight of metal oxides. 

30 The post-treatment is usually performed by contacting the exhaust gas 
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with the post-treatment cleaning agent at ordinary temperature and a 

superficial linear velocity of 5 cm/sec or less under atmospheric pressure. 

The cleaning method using the cleaning agent of the present invention 

alone and the cleaning method using both the cleaning agent of the present 

5 invention and the post-treatment cleaning agent are especially effective for 

cleaning the exhaust gases containing at least one main gas selected from the 

group consisting of nitrogen, argon, helium and hydrogen, and at least one 

halogen-based gas selected from the group consisting of chlorine, bromine, 

iodine, hydrogen fluoride, hydrogen chloride, hydrogen bromide, hydrogen 

10 iodide, boron trifluoride, boron trichloride, silicon tetrafluoride, silicon 

tetrachloride, titanium tetrachlo1'1.de, aluminum chloride, germanium 

tetrafluo1ide and tungsten hexafluoride. 

Before treating the halogen-containing exhaust gases with the cleaning 

agent of the present invention, the exhaust gases may be contacted with a pre-

15 treatment cleaning agent to remove .in advance tluo1ine or chlo1ine trifluoride 

which tends to violently react with activated carbon. The pre-treatment may 

be usually carried out by contacting the exhaust gases with the p1·e-treatment 

cleaning agent at ordinary temperature in a superficial linear velocity of 5 

cm/sec or less under atmosphe1".i.c pressure. 

20 As the pre-treatment cleaning agent, a cleaning agent composed of a 

metal hydroxide and/or a metal oxide is preferably used. For example, 

suitable as the pre-treatment cleaning agent is an acid gas-removing agent 

containing strontium hydroxide as a main component together with an organic 

binder and a hydroxide of alkaline earth metal other than strontium 

25 (Japanese Patent Application Laid-Open No. 9-99216). Examples of the 

organic binders include polyvinyl alcohol, polyethylene glycol, polypropylene 

glycol, methyl cellulose and carboxymethyl cellulose. Examples of the 

hydroxides of alkaline earth metal other than strontium include magnesium 

hydroxide, calcium hydroxide and barium hydroxide. The amount of the 

30 organic binder is usually 0.1 to 40 parts by weight based on 100 parts by 
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weight of anhydrous strontium hydroxide. The amount of the hydroxide of 

alkaline earth metal other than strontium is usually 0.05 to 1 mole per mole of 

strontium hydroxide. Examples of othe1· pre-treatment cleaning agents 

usable in the present invention include a cleaning agent composed of zinc 

5 oxide, aluminum oxide and an alkali compound (Japanese Patent Application 

Laid-Opeii No. 5-237324), a cleaning agent composed mainly of strontium. 

hydroxide and iron oxide (Japanese Patent Application Laid-Open No. 7-

308538), and the cleaning agent prepared by adherently adding sodium 

formate to metal oxide composed mainly of copper oxide and manganese oxide} 

10 which is also usable as the post-treatment cleaning agent as described above 

(Japanese Patent Application Laid-Open No. 9-234337). Activated carbon is 

unsuitable as a component of the pre-treatment cleaning agent. 

By combining the cleaning agent of the present invention with the pre­

treatment cleaning agent, the cleaning of exhaust gases is efficiently 

15 performed even when the exhaust gases contain an oxidative halogen-based 

gas in addition to an acidic halogen-based gas. 

Furthe1-, by combining the cleaning agent of the present invention with 

both the pre-treatment and post-treatment cleaning agents, a complete 

cleaning of exhaust gases is achieved even when the exhaust gases contain 

20 any kinds of halogen-based gases. 

The use of the pre-treatment cleaning agent enables the simultaneous 

removal of chlorine, hydrogen chloride, bromine and iodine in addition to 

highly oxidative gases such as fluo1ine and chlorine trifluoride. Even when 

the pre-treatment cleaning agent loses its cleaning capability by cleaning 

25 halogen-based gases other than fluorine or chlorine trifluoride, the pre­

treatment cleaning agent is still effective for cleaning fluorine and chlorine 

trifluoride because chlorine, bromine or iodine atoms already fixed the1·eon are 

replaced by fluorine atoms of highly reactive fluorine or chlorine ·trifluoride 

which is brought into contact with the pre-treatment cleaning agent. 

30 Therefore, the cleaning capability of the pre-treatment cleaning agent for 
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fluorine or chlorine trifluoride is maintained until the pre-treatment cleaning 

agent is saturated with fluorine atoms. Thus, fluorine or chlorine trifluoride 

is prevented from entering into the cleaning agent of the present invention 

until the pre-treatment cleaning agent is saturated. 

5 The cleaning method combinedly using the cleaning agent of the present 

invention, the pre-treatment cleaning agent and optionally the post-treatment 

cleaning agent is especially useful for cleaning halogen-containing exhaust 

gases containing at least one main gas selected from the group conSisting of 

nitrogen, argon, helium and hydrogen, and at least one halogen-based gas 

10 selected from the group consisting of fluorine, chlorine trifluoride, chlorine, 

bromine, iodine, hydrogen fluoride, hydrogen chloride, hydrogen bromide, 

hydrogen iodide, boron tiilluoride, boron trichloride, silicon tetrafluoride, 

silicon tetrachloride, titanium tetrachloride, aluminum chloride, germanium 

tetrafluoride and tungsten hexafluoride. 

15 The optimum quantitative proportions of the pre-treatment cleaning 

agent, the post-treatment cleaning agent and the cleaning a:gent of the prese~t 

invention may be easily determined based on flow rate and flow velocity of 

exhaust gases to be treated, purging time, etc. These cleaning agents may be 

packed in separate columns respectively 01· may be laminated one over another 

20 in a single column. 

When activated carbon adherently added with no chemical agent or 

conventionally known activated carbons adherently added with chemical 

agents are used in place of the cleaning agent of the present invention, the 

amount of halogen-based gases desorbed from activated carbon becomes large, 

25 so that the amount of the post-treatment cleaning agent for fixing the 

desorbed halogen-based gases by chemical reactions must be increased. This 

reduces the overall cleaning capability and increases the running cost. 

The present invention will be described in I?lOre detail by reference to 

the following examples. However, it should be noted that the following 

30 examples are illustrative and not intended to limit the invention thereto. 
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Examples 1to26: 

(Preparation of cleaning agent) 

···~-

In the following preparation, 500 g of activated carbon produced by 

Takeda Yakuhin Kogyo Co., Ltd. under the trade name of"SHIRASAGI G2C 

5 10/20" were used. 

A predetermined amount of alkali metal formate or alkaline earth metal 

formate, or a predete1'Dl.ined amount of a mixture of a formate of alkali metal 

or alkaline earth metal and a hydroxide of alkali metal or alkaline earth metal 

in a chemically equivalent ratio was dissolved in 200 ml of water. The 

10 activated carbons were impregnated with the resultant solution. Then, the 

impregnated activated carbons were dried at 50°C for 16 hours to obtain each 

cleaning agent. 

(Measurement of cleaning capability) 

Each cleaning agent thus prepared was packed into a SUS316L 

15 cylindrical column having an inner diameter of 39 .4 mm in a packed length of 

100 mm, th~reby p1·eparing each cleaning column. Nitrogen gas containing 

2,000 ppm of halogen-based gas was continuously passed through the cleaning 

column at 25°C in a superficial linear velocity of 2.65 cm/sec under 

atmospheric pressure. During the continuous flowing of the gas, a part of 

20 efiluent gas from an outlet of the column was sampled and introduced into a 

gas-detecting tube (manufactured by Gastec Co., Ltd.) and a gas detector (TG­

XA manufactured by Bionics Kilri Co., Ltd.) to detect a break-through point 

(point at which the concentration of halogen-based gas exceeds 1 ppm). The 

amount of halogen-based gas adsorbed by the cleaning agent was calculated 

25 from the amount of the halogen-based gas passed through the column until 

reaching the break-through point. After reaching the break-through point, 

nitrogen gas was allowed to pass through the cleaning column in place of 

nitrogen gas containing halogen·based gas, thereby purging the cleaning 

column for 24 hours. During the purging, the concentration of halogen-~ased 

30 gas in effluent nitrogen gas from the outlet was measured to dete1'Dline the 
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amount of desorbed halogen-based gas. The cleaning capability of the 

cleaning agent was defined as the value obtained by subtracting the measured 

amount of desorbed halogen-based gas from the measured amount of adsorbed 

halogen-based gas. The adsorbed amount, the desorbed amount and the 

5 cleaning capability were represented by the volume of halogen-based gas per 

liter of the cleaning agent (LIL cleaning agent). The volumes of gases in the 

following Examples and Comparative Examples are those at 25°C under 

atmospheric pressure. 

The results of cleaning tests on chlorine-containing test exhaust gases 

10 are shown in Table 1. The results of cleaning tests on boron trichloride­

containing test exhaust gases are shown in Table 3 and the results of cleaning 

tests on test exhaust gases respectively containing different halogen-based 

gases are shown in Table 5. 

In the following Tables, "adhered amount" represents a weight 

15 percentage of a first component, i.e., alkali metal formate and alkaline earth 

metal formate, based on the weight of a dried cleaning agent, or a weight 

percentage of a total of first and second components based on the weight of a 

dried cleaning agent when alkali metal hydroxide or alkaline earth metal 

hydroxide (second component) was adherently added in addition to the first 

20 component. 

Comparative Examples 1 to 26 

The procedures of Examples 1-26.were repeated using the same 

activated carbons as used in Examples 1-26 to prepare cleaning agents shown 

in Table 2. The cleaning capability of each cleaning agent was measured in 

25 the same manner as in Examples 1-26. 

The results of cleaning tests on chlorine-containing test exhaust gas are 

. shown in Table 2, and the results of cleaning tests on boron trichloride­

containing test exhaust gas are shown in Table 4. In Table 6, the results of 

cleaning tests of activated carbon adherently added with no chemical agent 

30 against test exhaust gases containing different halogen-based gases are shown. 
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5 

The results of cleaning tests of activated carbon adherently added with 

tetramethylammonium hydroxide against test exhaust gases containing 

different halogen-based gases are shown in Table 7. 

Table 1 
Adhered Components of Cleaning Ae:ents 

Examples First Second Equivalent Adhered amount 
com2onent com2onent ratio (wt.%) 

1 HCOONa None ·5 

2 HCOONa None 10 

3 HCOONa None 15 

4 HCOONa NaOH 1:1 5 

5 HCOONa NaOH 1:1 10 

6 HCOONa Na OH 1:1 15 

7 HCOONa KOH 1:1 10 

8 HCOONa Ca(OH)2 1:1 10 

9 HCOOK NaOH 1:1 10 

10 (HC00)2Ca NaOH 1:1 10 

Table 1 (Contd.) 
Results of Cleaning Tests (halogen-based gas: chlorine) 

Examples Adsorbed amount Desorbed amount Cleaning capability 
(LIL)* (L/L)* (LIL)* . 

1 25 8 17 

2 

3 

4 

5 

6 

7 

8 

9 

10 

26 

22 

31 

30 

25 

29 

28 

28 

26 

7 19 

4 18 

10 21 

8 22 

5 20 

9 20 

9 19 

10 18 

8 18 
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5 

Note: *liter/liter of cleaning agent. 

Table 2 
Adhe1·ed Com:r;ionents of Cleaning Agents 

Comparative First Second Equivalent Adhered 
ExamEles com12onent com~onent ratio amount (wt.%) 

1 None None 

2 HCOONa None 20 

3 Na3Al03 None 10 

4 [(CHg)4N]OH None 10 

5 NaOH None 10 

6 HCOONa NaOH 1:i 1 

7 HCOONa NaOH 1:1 20 

Table 2 (Contd.) 
Results of Cleaning Tests (halogen-based gas: chlorine) 

Comparative Adsorbed amount Desorbed amount Cleaning capability 
Examples (LIL)* (L/L)* (LIL),~ 

1 25 13 12 

2 5 1 4 

3 16 8 8 

4 19 7 12 

5 

6 

7 

17 

19 

6 

Note: *liter per liter of cleaning agent. 

Table 3 

7 

9 

1 

Adhered Com;gonents of Cleaning Agents 

10 

10 

5 

Examples First Second Equivalent Adhered 
com~onent component ratio amount (wt.%) 

11 HCOONa None 5 

12 HCOONa None 10 

13 HCOONa None 15 
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14 HCOONa NaOH l:I 5 

15 HCOONa NaOH 1:1 10 

16 HCOONa Na OH 1:1 15 

17 HCOONa KOH 1:1 10 

18 HCOONa Ca(OH)2 1:1 10 

19 HCOOK NaOH 1:1 10 

20 (HC00)2Ca NaOH 1:1 10 

Table 3 (Contd) 
Results of Cleaning Tests (halogen-based gas: boron trichlo1ide) 

Examples Adsorbed amount Desorbed amount Cleaning capability 
(LIL)* (LIL)* (LIL)* 

11 20 7 13 

12 20· 7 13 

13 19 6 13 

14 20 5 15 

15 21 4 17 

16 19 3 16 

17 20 5 15 

18 21 8 13 

19 21 7 14 

20 19 5 14 

Note: *liter per liter of cleaning agent. 

Table4 
Adhered Com1rnnents of Cleaning Agents 

Comparative First Second Equivalent Adhered 
Examples component component ratio amount (wt.%) 

8 None None 20 

9 HCOONa None 20 

10 NasAfOa None 10 

11 [(CHg)4N]OH None 10 

12 NaOH None 10 
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13 

14 

HCOONa 

HCOONa 

--- ------
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NaOH 

NaOH 

Table 4 (Contd.) 

1 

20 

Results of Cleaning Tests (halogen-based gas: boron trichloride) 

Comparative Adsorbed amount Desorbed amount Cleaning capability 
Examples (LIL)* (LIL)* (L/L}* 

8 20 12 8 

9 5 1 4 

10 15 8 7 

11 16 7 9 

12 16 7 9 

13 18 10 8 

14 5 1 4 

Note: *liter per liter of cleaning agent. 

Table 5 
Adhered Com11onents of Cleaning Agents 

Examples First Second Equivalent Adhered 
com~onent comEonent ratio amount (wt.%) 

21 HCOONa NaOH 1:1 10 

22 HCOONa NaOH 1:1 10 

23 HCOONa NaOH 1:1 10 

24 HCOONa NaOH 1:1 10 

25 HCOONa NaOH 1:1 10 

26 HCOONa NaOH 1:1 10 

Table 5 (Contd) 
Res1llts of Cleaning Tests 

Examples Halogen-based Adsorbed Desorbed Cleaning 
gas amount (LIL)* amount (LIL)* ca:Qability (LIL)* 

21 HCl 52 11 41 

22 BF3 32 7 25 

23 WF6 23 3 20 
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24 

25 

26 

23 

29 

49 

4 

8 

10 

Note: *liter per liter of cleaning agent. 

Comparative 
Examples 

15 

16 

17 

18 

19 

20 

Comparative 

Table 6 
Adhered Components of Cleaning Agents 

First Second Equivalent 
component component ·ratio 

None None 

None None 

None None 

None None 

None None 

None None 

Table 6 (Contd.) 
Results of Cleaning Tests 

Halogen-based Adsorbed Desorbed 

19 

21 

39 

Adhered 
amount (wt.%) 

Cleaning 
Exam2les gas amount (LIL)* amount (LIL)* ca~abilit;y: (LIL)* 

15 HCl 16 8 8 

16 BF3 29 17 12 

17 WFs 22 8 14 

18 SiF4 20 9 11 

19 Br2 24 15 9 

20 HBr 15 8 7 

Note: *liter per liter of cleaning agent. 

Table 7 
Adhered Components of Cleaning Agents 

Comparative First Second Equivalent Adhered 
Exam2les component component ratio amount (wt.%) 

21 [(CHg)4N]OH None 10 

22 [(CH3) 4N]OH None 10 
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23 

24 

25 

26 

[(CHa)4N]OH None 

[(CH3) 4N]OH None 

[(CH3) 4N]OH None 

[(CH.,J4N]OH None 

Table 7 (Contd.) 
Results of Cleaning Tests 

10 

10 

10 

10 

Comparative Halogen-based Adsorbed Desorbed Cleaning 
Examples gas amount (LIL)* amount (LIL)* capability (LIL)* 

21 HCl 39 15 24 

22 

23 

24 

25 

26 

28 

22 

21 

25 

38 

Note: *liter per liter of cleaning agent. 

Example 27 

12 

7 

7 

·14 

14 

16 

15 

14 

11 

24 

5 Strontium hydroxide, calcium hydroxide and polyvinyl alcohol were 

kneaded in a weight ratio of 75:23:2, extruded and then dried as described in 

Japanese Patent Application Laid-Open No. 9-99216, thereby preparing a 

cleaning agent. The cleaning agent was packed into a cylindrical column of 

the same type as used in Examples 1-26 in a packed length of 50 mm, thereby 

10 producing a first cleaning column (pre-treatment cleaning column). 

Separately, the cleaning agent prepared in Example 5 was packed into a 

cylindrical column of the same type as used in Examples 1-26 in a p aclrnd 

length of 680 mm, thereby producing a second cleaning column. 

Cleaning tests were carried out at 25°C under atmospheric pressure. 

15 More specifically, the first cleaning column and the second cleaning column 

disposed on the downstream of the first cleaning column were connected 

through a tube. Nitrogen gas containing 2,000 ppm fluorine was allowed to 
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flow from the first cleaning column at a superficial linear velocity of 2.65 

cm/sec for 12 hours. Then, after nitrogen gas containing 4,000 ppm chlorine 

was allowed to flow through the first and second cleaning columns at a 

superficial linear velocity of 2.65 for 8 hours, the columns were purged with 

5 nitrogen for 16 hou1·s. These procedures were cycled repeatedly_. During the 

above procedures, the time required until the concentration of halogen-based 

gas in the effluent gas from the second cleaning column exceeded 1 ppm was 

measured using a gas detector (11TG-XA11 manufactured by Bionics Kilo Co., 

Ltd.), thereby calculating the amount of chlorine gas passed through the 

10 columns. As a result, the amount of chlorine gas passed through the columns 

was 41.4 liters and the adsorbed amount was 50 liters per liter of the second 

cleaning agent. 

. After the cleaning test, the respective cleaning agents in the first and 

second cleaning columns were analyzed by ·an energy-dispersive X-ray 

15 diffractometer. The results showed that fluorine was detected only from the 

cleaning agent packed in the first cleaning column, and no ·fluorine was 

detected from the cleaning agent packed in the second cleaning column. 

Example 28 

The same cleaning test as described in Example 27 was repeated except 

20 that boron trichloride was used in place of chlorine. As a result, the amount 

of boron trichloride passed through the columns was 24.8 liters and the 

adsorbed amount was 30 liters per liter of the second cleaning agent. 

Further, the results of energy-dispersive X-ray analysis showed that 

fluorine was detected only from the cleaning agent packed in the first cleaning 

25 column. 

Example 29 

Hopcalite was adherently added with sodium formate in an amount of 

20% by weight and dried at 50°C as described in Japanese Patent Application 

Laid-Open No. 9-234337 to prepare a cleaning agent. The cleaning agent was 

30 packed into a cylindrical column of the same type as used in Examples 1-26 in 
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a packed length of 120 mm, thereby producing a third cleaning column (post­

treatment cleaning column). The same first and second cleaning columns as 

used in Example 27 and the third cleaning column were disposed in this order 

from the upstream side toward the downstream side, and the cleaning test 

5 was conducted at 25°C under atmospheric pressure. 

Nitrogen gas containing 2,000 ppm of fluorine was allowed to flow from 

the first cleaning column at a superficial linear velocity of 2.65 cm/sec for 12 

hours. Then, after nitrogen gas containing 4,000 ppm of chlorine and 4,000 

ppm of boron bi.chloride was flowed at a superficial linear velocity of 2.e5 

10 cm/sec for 8 hours, the columns were purged with nitrogen for 16 hours. 

These procedures were cycled repeatedly. During the above procedures, a 

part of the effluent gas was sampled from a sampling port provided between 

the second and third cleaning columns to measure the time required until the 

concentration of the halogen-based gas in the effluent gas exceeded 1 ppm 

15 (break-through point) by a gas detect6r (TG-XA manufactured by Bionics Ki.ki 

Co., Ltd.). The amount of the halogen-based gas flowed through the columns 

was calculated from the measured value. 

After reaching the break-through point, the columns were purged with 

nitrogen at a superficial linear velocity of 2.65 cm/sec, and the time required 

20 until the concentration of the halogen-based gas in the effluent gas from the 

third cleaning column exceeded 1 ppm was measured by a gas detector (TG-XA 

manufactured by Bionics Kiki Co., Ltd.). 

As a result, the amounts flowed through the columns until reaching the 

break-through point of the second cleaning column were 16.6 liters for each of 

25 chlorine and boron t1ichloride, and the total amount of adsorbed chloride and 

boron trichloride was 40 liters per liter of the second cleaning agent. Further, 

the time required until chlorine gas was first detected in the effluent gas from 

the third cleaning column was 45 hours after initiating the nitrogen purge. 

C<;>mparati.ve Example 27 

30 The same procedures as described in Example 29 were repeated except 

- 22 -



S"F 

·. 

that the cleaning agent in the second cleaning column was replaced by 

activated carbon added with no chemical agent. 

As a i·esult, the amounts passed through the columns until reaching the 

break-through point of the second cleaning column were 13.5 liters for each of 

5 chlorine and boron trichloride, and the total amount of adsorbed chlorine and 

boron trichloride was 32 liters per liter of activated carbon. Further, the time 

required until chlo1i.ne gas was first detected in the effluent gas from the third 

cleaning column was 18 hours after initiating the nitrogen purge. 

Exariiple 30 

10 -The cleaning agent prepared in Example 5 was packed into a cylindrical 

column of the same type as used in Examples 1-26 in a packed length of 680 

mm, thereby producing a first cleaning column. The hopcalite prepared in 

Example 29 was packed into another cylindrical column in a packed length of 

120 mm, thereby producing a second cleaning column (post-treatment cleaning 

15 column). The second cleaning column was disposed on the downstream of the 

first cleaning column, and connected thereto through a tube provided with a 

sampling port. 

After nitrogen gas containing 4,000 ppm of chlorine and 4,000 ppm of 

boron trichloride was passed through the first and second columns at a 

20 superficial linear velocity of 2.65 cm/sec for 8 hours, the column~ were purged 

with ~trogen for 16 hours. These procedures were cycled repeatedly. 

During the above procedures, a part of the effluent gas from the first cleaning 

column was sampled from the sampling port to measure the time required 

until the concentration of halogen-based gas exceeded 1 ppm (break-through 

25 point) by a gas detector (TG-XA manufactured by Bionics Kiki Co., Ltd.). The 

amount of halogen-based gas flowed through the columns was calculated from 

the measured value. 

After reaching the break-through point, the columns were purged with 

nitrogen at a superficial linear velocity of 2.65 cm/sec, and the time required 

30 until the concentration of halogen-based gas in the efiluent gas from the 
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second cleaning column exceeded 1 ppm was measured by a gas detector (TG­

XA manufactured by Bionics Kiki Co., Ltd.). 

As a result, the amounts flowed through the columns until reaching the 

break-th1·ough point were 16.6 liters for each of chlorine and boron trichlo1ide, 

5 and the total amount of adsorbed chlorine and boron tii.chloride was 40 liters 

per liter of the first cleaning agent. Further, the time required until· chlorine 

gas was first detected in the effluent gas from the second cleaning column was 

45 hours after initiating the nitrogen purge. 

Examples 31to32 

10 A cleaning agent composed of activated carbon adherently added with 

alkaline earth metal formate (Example 31) and a cleaning agent composed of 

activated carbon adherently added with alkali metal formate and alkaline 

earth metal formate in an amount of 10% by weight in total at an equivalent 

ratio of 1:1(Example32) were prepared in the same manner as in Examples 1-

15 26. 

The cleaning capability of the cleaning agents were measured in the 

same manner as in Examples 1-26. The results are shown in Table 8. 

Examples 

31 

32 

Table 8 
Adhered Components of Cleaning Agents 

First Second Equivalent Adhered amount 
component component ratio (wt.%) 

HCOONa . 
(HCOO) Ca 

None 

Table 8 (Contd) 
Results of Cleaning Tests 

10 

Examples Halogen-based Adsorbed Desorbed Cleaning 
gas amount (LIL)* amount (LIL)* capability (LIL)* 

31 Cl2 25 8 17 

32 27 8 19 

20 Note: *liter per liter of cleaning agent. 
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Industl'ial Applicability 

The cleaning agents and the cleaning processes according to the present 

invention have the following excellent effects, and are useful for cleaning 

5 exhaust gases containing noxious halogen-based gases from etching process of 

semiconductor production. 

(1) Large cleaning capability is attained because the desorbed amount of 

halogen-based gases from the cleaning agent is considerably reduced. 

(2) The cleaning agent is prepared at low production cost from activated 

10 carbon and formate, or activated carbon, formate and hydroxide. 

(3) Halogen-based gases are completely removed by disposing a cleaning 

agent prepared by adherently adding sodium formate to a metal oxide on the 

downstream side of the cleaning agent of the present invention. 

(4) Cleaning of halogen-based gases containing fluorine or chlorine 

15 trifluoride is safely performed by disposing a cleaning agent composed of a 

metal oxide and/or a metal hydroxide on the upstream side of the cleaning 

agen~ according to the present invention. 

(5) Exhaust gases containing any kinds of halogen-based gases is 

completely and safely cleaned with great cleaning efficiency by disposing a 

20 cleaning agent composed of a metal oxide and/or a metal hydroxide on the 

upstream side of the cleaning agent of the present invention, and disposing a 

cleaning agent prepared by adherently adding sodium formate to a metal oxide 

on the downstream side of the cleaning agent of the present invention. 
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I lllllll ltllll lllll llltl II Ill\ 
WHAT IS CLAIMED rs: * C L l'I S * 

1. A cleaning agent for halogen-containing exhaust gases, comprising 

activated carbon adherently added with alkali metal formate and/or alkaline 

earth metal formate, an adhered amount of the alkali metal formate and/or 

5 alkaline earth metal formate being 3 to 18% by weight (dry basis) based on the 

weight of the cleaning agent. 

2. A cleaning agent for halogen-containing exhaust gases, comprising 

activated carbon adherently added with alkali metal hydroxide and/or alkaline 

earth metal hydroxide in addition to alkali metal formate and/or alkaline 

10 earth metal formate, a total adhered amount of the alkali metal formate 

and/or alkaline earth metal formate and the alkali metal hydroxide and/or 

alkaline ea:rth metal hydroxide being 3 to 18% by weight (dry basis) based on 

the weight of the cleaning agent. 

3. The cleaning agent according to claim 2, wherein a ratio of equivalent 

15 amount of the alkali metal formate and/or alkaline earth metal formate to the 

alkali metal hydroxide and/or alkaline earth metal hyd1·oxide is 1: 0.1·- 3.0. 

4. A P.rocess for cleaning halogen-containing exhaust gases, comprising 

contacting an exhaust gas containing halogen-based gas as noxious component 

with a cleaning agent comprising activated carbon adherently added with 

20 alkali metal forD;iate and/or alkaline eai1:h metal formate. 

5. The process according to claim 4, wherein an adhered amount of the 

alkali metal formate and/or alkaline earth metal formate is 3 to 18% by weight 

(dry basis) based on the weight of the cleaning agent. 

6. A process for cleaning halogen-containing exhaust gases, comprising 

25 contacting an exhaust gas ~ontaining halogen-based gas as noxious component 

with a cleaning agent comprising activated carbon adherently added with 

alkali metal hydroxide and/or alkaline earth metal hydroxide in addition to 

alkali metal formate and/or alkaline earth metal formate. 

7. The process according to claim 6, wherein a total amount of the alkali 

30 metal formate and/or alkaline earth metal formate and the alkali metal 
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hydroxide and/or alkaline earth metal hydroxide is 3 to 18% by weight (dry 

ba$iS) based on the weight of the cleaning agent. 

8. The process according to claim 6, wherein a ratio of equivalent amount 

of the alkali metal formate and/or alkaline earth metal formate to the alkali 

5 metal hydroxide and/or alkaline earth metal hydroxide is 1 : 0.1 - 3.0. 

9. The process according to any one of claims 4 to 8, further compri.sing a 

post-treatment step of contacting the exhaust gas containing halogen-based 

gas with a cleaning agent comprising a metal oxide adherently added with 

sodium formate. 

10 10. The process according to any one of claims 4 to 8, further comp1·ising a 

pre-treatment step of contacting the exhaust gas containing halogen-based gas 

with a cleaning agent comprising a metal oxide and/or a metal hydroxide. 

11. The process according to any one of claims 4 to 8, further comprising a 

pre-treatment step of contacting the exhaust gas containing halogen-based gas 

15 with a cleaning agent comprising· a metal oxide and/or a metal hydi·oxide, and 

a post-treatment step of contacting the exhaust gas containing halogen-based 

gas with a cleaning agent comprising a metal oxide adherently added with 

sodium formate. 

12. The process according to any one of claims 4 to 8, wherein the halogen-

20 based gas is at least one gas selected from the group consisting of chlorine, 

bromine, iodine, hydrogen fluoride, hydrogen chloride, hydrogen bromide, 

hydrogen iodide, boron trifluoride, boron t1ichloride, silicon tetrafluoride, 

silicon tetrachlo1ide, titanium tetrachloride, aluminum chloride, germanium 

tetrafluoride and tungsten hexafluoride. 

25 13. The process according to claim 9, wherein the halogen-based gas is at 

least one gas selected from the group consisting of chlorine, bromine, iodine, 

hydrogen fluoride, hydrogen chloride, hydi·ogen bromide, hydrogen iodide, 

boron trifluoride, boron trichloride, silicon tetrafluoride, silicon tetrachloride, 

titanium tetrachloride, aluminum chloride, germanium tetrafluoride and 

30 tungsten hexafluoride. 

I lllllll llllll llllf Jllll 11 f 111 
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14. The process according to claim 10, wherein the halogen-based gas is at 

least one gas selected from the group consisting of fluorine, chlorine, b1·omine, 

iodine, hydrogen fluoride, hydrogen chloride, hydrogen bromide, hydrogen 

iodide, chlorine trifluoride, boron t1ifluoride, boron trichlo1ide, silicon 

5 tetrafluoride, silicon tetrachlo1ide, titanium tetrachloride, aluminum chloride, 

germanium tetrafluoride and tungsten hexafluoride. 

· 15. The p_rocess according to claim 11, wherein the halogen-based gas is at 

least one gas selected from the group consisting of fluorine, chlorine, bromine, 

iodine, hydrogen fluoride, hydrogen chloride, hydrogen bromide, hydrogen 

10 iodide, chlorine trifluo1ide, boron t1ifluoride, boron trichloride, silicon 

tetrafluoride, silicon tetrachloride, ·titanium tetrachloride, aluminum chloride, 

ge1·manium tetrafluoride and tungsten hexafluo1ide. 
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